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Abstract 

Magnetic resonance imaging (MRI) represents the reference imaging modality for image guided adaptive 
brachytherapy (IGABT) of cervix cancer. Accurate interpretation of pre-treatment MRI is required for proper under- 
standing of the tumor extent and topography at IGABT. Planning and optimal timing of the application begins already 
before treatment, and may need to be adapted during external beam irradiation (EBRT) according to additional clinical 
and/ or radiological findings. The level of MRI utilization in IGABT depends on the infrastructural capabilities of indi- 
vidual centers, ranging from no use at all to repetitive imaging during EBRT and each IGABT fraction. In this article, 
we summarize the role of different imaging modalities and practical aspects of MRI interpretation in cervix cancer 
IGABT, concentrating on the systematic evaluation of post-insertion images. MRI with the applicator in place from 
the radiation oncologist's perspective should begin with immediate identification of eventual complications of the 
application procedure and assessment of the implant adequacy, followed by appropriate corrective measures in case 
of adverse findings. Finally, the tumor extent, topography, and treatment response should be evaluated in the context 
of initial clinical and radiological findings to allow for an appropriate selection and delineation of the target volumes. 
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Purpose 

The conventional approach to cervix cancer brachy- 
therapy (BT) is based on acquisition of two orthogonal 
pelvic radiographs after the intracavitary applicator in- 
sertion. The capability for treatment plan optimization 
with this technique is limited. The optimization process 
typically aims at achieving an adequate dose at the Man- 
chester point A while keeping the doses at the bladder 
and rectum ICRU (International Commission on Radiol- 
ogy Units) points below their respective dose constraints. 
Significant amount of clinical experience has been accu- 
mulated with this approach during the past century, and 
it remains the essential component of locally advanced 
cervix cancer treatment in the majority of centers world- 
wide [1,2]. While local control rates of conventional BT 
for small tumors are encouraging, ranging up to 80-95%, 
the results for the locally advanced disease remain sub- 
optimal [3]. Efforts to improve results of conventional BT 
in these patients by local dose escalation and perineal in- 
terstitial techniques were impeded by a considerable risk 
of serious late complications [4-7]. Sectional imaging has 
been implemented into BT planning during past decade at 



a growing number of centers. 3D image guided adaptive 
brachytherapy (IGABT) enables a comprehensive assess- 
ment of the tumor size and topography at diagnosis and 
at each BT fraction. It allows for an assessment of correla- 
tions between the dose-volume parameters and effects for 
the target volume and the organs at risk (OAR). This is 
a more valid concept than the conventional assessment of 
correlations between point-doses and tissue effects. Treat- 
ment plan optimization in the context of IGABT refers to 
the individual tailoring of irradiation, applying high dos- 
es to the target volume while respecting the OAR dose 
constraints [8,9]. The dosimetric benefits of this approach 
have been shown to translate into improved rates of un- 
complicated cure when compared to the conventional BT 
[10,11]. Currently, magnetic resonance imaging (MRI) 
represents the modality of choice for IGABT. Accurate 
interpretation of pre-treatment MRI findings is a precon- 
dition for proper understanding of the clinical and radio- 
logical disease extent and topography at time of IGABT. 
Planning of the application technique and optimal tim- 
ing of the procedure begins already before treatment and 
may need to be adapted during external beam irradiation 
(EBRT) according to the clinical and eventual addition- 
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al radiological findings. The level of MRI utilization in 
IGABT differs between individual centers, ranging from 
no use at all to repetitive imaging during EBRT and at 
each IGABT fraction. These differences reflect the vari- 
ous infrastructural capabilities, institutional policies, and 
economic constraints of individual centers. This article 
summarizes the role of different imaging modalities in 
cervix cancer IGABT, and outlines the practical aspects 
of MRI interpretation of the primary tumor extent and to- 
pography at BT from the radiation oncologist's perspec- 
tive. The interpretation of the imaging pathology of the 
regional nodes is not addressed here. 

Imaging modalities 

The adaptive concept of cervix cancer IGABT is based 
on repetitive clinical and imaging interpretation of tumor 
extent and topography at diagnosis, its regression during 
chemo-radiotherapy, and the residual pathological tis- 
sues at each BT fraction. In IGABT, the dose is adapted to 
a target which changes in size and shape from application 
to application, and the ability for an accurate delineation 
of the regions of interest is a precondition for treatment 
success and consistent reporting. Various imaging moda- 
lities have been employed in gynecological IGABT [8,9, 
12-23]. 

The role of ultrasound (US) is currently limited main- 
ly to the real-time or off-line guidance of the applicator 
insertion. Optimal positioning of the BT catheters in the 
target volume is a pre-requisite for achieving an optimal 
dose distribution during treatment planning. US-guided 
placement of the intracavitary and interstitital applicators 
is an effective and inexpensive method to prevent organ 
perforation [12-15,24], and to achieve an optimal implant 
geometry [16,17]. While US can add important informa- 
tion to clinical findings with regard to the definition of the 
extent and topography of the target volume and organs 
at risk at BT, its utility in treatment planning currently 
remains limited. Further development of the US-based 
contouring concepts, sonographic devices, ultrasound 
probes, applicators, and their set-up and compatibility 
are required to meet the specific demands of ultrasound 
imaging with the applicator in place. 

Computed tomography (CT) is a relatively inexpen- 
sive and accessible modality for IGABT. However, it is 
characterized by a low ability to discriminate between 
soft tissues. It demonstrates limited value in differentia- 
tion between the tumor and normal cervix, uterus, para- 
metria and vagina, and delineation of the organ walls [25- 
30]. Target volume contours, as outlined on post-insertion 
CT, can significantly overestimate the tumor width when 
compared with MRI [25]. The role of CT as the only im- 
aging modality in IGABT of locally advanced cervix can- 
cer is therefore limited. CT is traditionally considered to 
be adequate for depiction of the outer organ contours, 
allowing for a reliable estimation of the dose-volume 
parameters for the OAR [25]. However, in daily clinical 
experience, the ability of MRI to differentiate the organ 
walls from organ contents and its high soft tissue depic- 
tion quality result in more accurate delineation of the out- 
er organ contours. In spite of the above listed limitations 



of CT, replacement of the X-ray based approach with the 
CT-assisted IGABT accompanied by careful incorpora- 
tion of clinical findings [26], enables the essential qualita- 
tive leap from the 2D to 3-4D treatment planning strategy 
[27,28]. Utilization of a pre-brachytherapy MRI without 
the applicator in place, followed by a post-insertion CT 
could be encouraged whenever possible to facilitate the 
CT-based contouring by incorporation of the MRI-find- 
ings on the CT images. In addition, the combination of 
the MRI at first BT fraction, followed by CT at subsequent 
fraction(s) has been proposed as a feasible and effective 
strategy to cost reduction and improved availability of 
cervix cancer IGABT [29]. 

Incorporation of 18F-fluorodeoxyglucose positron emis- 
sion tomography (FDG PET) findings and implementation 
of new tracers for angiogenesis, hypoxia, etc., represent 
an exciting area of research to identify target (sub)volumes 
that may require different dose levels. Functional imaging 
based IGABT should be currently considered an experimen- 
tal approach. 

Magnetic resonance imaging (MRI) is characterized 
by superior soft tissue depiction quality when compared 
with CT, capability of multi-planar imaging and absence 
of ionizing irradiation. No intravenous contrast is needed 
for adequate visualization and delineation of the regions 
of interest at IGABT. The inter-reader agreement and 
correlation with pathological findings in operable cervix 
cancer has been shown to be superior for MRI when com- 
pared with CT [25-36]. Following the early reports on the 
use of MRI in BT planning in the 1990s [37-40], we have 
witnessed a systematic development of the concepts and 
terms in various domains of the MRI-based IGABT in 
the past decade. This development has resulted in pub- 
lication of reports on the optimal imaging sequences and 
image orientations, and recommendations on the MRI 
assessment of GTV and CTV, 3D dose volume parame- 
ters, radiation physics, radiobiology, applicator recon- 
struction, and MR imaging protocols at diagnosis and BT 
[8,9,41-44]. Favorable reports on the dosimetric outcome 
of MRI-assisted IGABT are being reflected in a growing 
body of evidence, demonstrating encouraging clinical re- 
sults when compared to the best results of conventional 
BT [10,11]. Recently, uncertainties related to the various 
steps of the IGABT process have been quantified, facili- 
tating the critical interpretation of the results of clinical 
studies and treatment reporting [45-49]. In summary, 
MRI is currently considered the imaging modality of 
choice for cervix cancer IGABT. Implementation of MRI 
into the BT treatment planning poses several challenges 
to the radiation oncology team, including the require- 
ments related to the infrastructure, equipment, imaging 
protocols, training, quality assurance, and interpretation 
of imaging findings. 

Practical aspects of the interpretation of MRI 
findings at time of brachytherapy 

Recently published recommendations from the Gynae- 
cological GEC-ESTRO Working Group summarize the 
expert opinion on the basic principles and parameters for 
MR imaging in cervix cancer IGABT, and propose dedi- 
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cated imaging protocols for both the "pre-treatment ex- 
amination" and "BT examination" [42]. Implementation 
of published protocols, while taking the specific institu- 
tional practice and experience into account, is needed to 
meet the specific demands of cervix cancer IGABT. Once 
the post-insertion pelvic MRI data set is obtained, a sys- 
tematic approach to the interpretation of images can be 
recommended to assure rapid identification of potential- 
ly hazardous conditions, evaluate the adequacy of the BT 
application, assess the degree of treatment response, and 
facilitate accurate contouring. 

General principles 

The general principles of post-insertion pelvic MRI 
interpretation include the need for synchronous viewing 
of images in multiple planes, availability of the pre-treat- 
ment MRI, and full description of clinical findings at di- 
agnosis and BT. The incorporation of clinical judgment 
when assessing the imaging findings cannot be overem- 
phasized, in particular with regard to interpretation of 
the anatomical regions which are accessible to inspec- 
tion, palpation, and endoscopy (vulva, vaginal walls, 
portio, bladder, and rectum). The imaging pathology at 
BT should always be explained in the context of findings 
at diagnosis. Intra-departmental consultation within the 
designated team of radiation oncologists and coopera- 
tion with the diagnostic radiologist and radiophysicist 
is advised whenever possible to minimize uncertainties 
through consensus opinions. 

Perforation of hollow organs 

Uterine perforation should be excluded immediately 
following the acquisition of the post-insertion sectional 
images (Fig. 1A). Although most cases of uterine perfo- 



ration will resolve spontaneously without consequences 
after conservative treatment, specific attention is required 
to avoid subsequent complications such as infection, 
hemorrhage or peritoneal tumor-cell seeding [24,50,51]. 
Importantly, in an unrecognized uterine perforation, 
the applicator may come in close contact with the OAR. 
If this is not accounted for, excessive irradiation of the 
OAR and under-dosage of the target volume may occur, 
resulting in serious acute and chronic complications, and 
reduced probability of local control. 

Reported incidence of the uterine perforations during 
intracavitary BT ranges from 2-14% [14,50,52,53]. Several 
predisposing factors for this complication have been iden- 
tified in the literature, including necrotic cervical tumor, 
cervical polyp, submucosal myoma, stenosis/ distortion 
of cervical canal, prior conization, retroflexed or extreme- 
ly anteflexed uterus and age over 60 years [14,24,50, 
52,53]. In the largest series by Segedin et ah, reporting on 
428 gynecological applications, uterine perforation was 
indentified on post-insertion 3D imaging in 3% of pro- 
cedures [24]. Most common perforation site was the pos- 
terior uterine wall (70%). In all cases, at least one of the 
above listed predisposing factors was present. The most 
commonly identified risk factors were age over 60 years 
and necrosis and distortion of cervical canal. All cases 
of uterine perforation in this series were treated conser- 
vatively by removing the applicator and monitoring the 
patient for 24 hours. Prophylactic antibiotics were admin- 
istered in 62% of patients and blood transfusion required 
in 20%. All patients completed their radiotherapy as 
planned, without further complications. Re-perforation 
was avoided by using the information from 3D imaging 
and with real-time guidance of insertion with abdominal 
and/ or transrectal US. At the last follow up, there were 
no signs of tumor-cell seeding in the affected patients 




Fig. 1. Two examples of the application-induced organ perforation, identified on post-insertion pelvic T2 weighted FSE MRI. 
A) Para-coronal (parallel to the uterine tandem) image orientation, revealing perforation of the uterine fundus with the tandem 
applicator (white arrow). B) Para-transverse (perpendicular to the uterine tandem) image orientation, demonstrating perfora- 
tion of the rectal wall with a plastic interstitial needle (black arrow) 
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[24]. It has to be pointed out that in the series of Segedin et 
ah, pulsed dose rate BT with long overall treatment times 
was used [24]. In selected cases, treated with high dose 
rate technique, BT could potentially be completed before 
the applicator removal if the patient's general medical 
condition allows and the planning aims are met during 
dose optimization. 

With increasing use of combined intracavitary and 
interstitial application techniques, there is an increasing 
risk of perforation or injury of pelvic hollow organs and 
blood vessels with the needle applicators (Fig. IB). There 
are scarce reports in the literature on the incidence and 
clinical significance of such complications. Immediate 
appropriate action would depend on the specific clinical 
situation and consultation with specialist. It has to be em- 
phasized that specific adaptation of the interstitial appli- 
cation technique is recommended to minimize the chance 
of perforation of pelvic hollow organs or vessels [54,55]. 
The use of sharp interstitial needles should be avoided. 
Needles with blunt tips have been developed and made 
available specifically for gynecological IGABT. Their in- 
sertion has been proven safe, feasible, accurate, and re- 
producible [54,55]. 

Adequacy of the implant 

Accurate insertion of the intracavitary applicator and 
optimal geometric distribution of eventual interstitial nee- 
dles is a prerequisite for tight control of the dose distri- 



bution during treatment planning. The ability to achieve 
the dosimetric planning aim for the target volume while 
respecting the OAR dose constraints depends on the geo- 
metric adequacy of the implanted applicator channels. 
The inadequate dosimetric consequences of a suboptimal 
application cannot always be compensated by treatment 
plan optimization. In practice, the decision on the appli- 
cation technique and geometry of the inserted channels is 
typically based on clinical and MRI findings at diagnosis 
and clinical findings at IGABT. MRI for treatment planning 
is performed only after the application, limiting the ability 
for corrections in case of suboptimal implant geometry. To 
overcome these limitations and to increase the likelihood 
of optimal implant geometry already at the first applica- 
tion, some authors proposed an MRI-assisted pre-plan- 
ning strategy [56,57]. However, due to the low availability 
of the MRI, relative complexity of pre-planning and scarci- 
ty of published data to support its routine clinical use, this 
strategy remains limited to certain specialized institutions 
or clinical studies. In daily clinical practice, we recommend 
rapid identification of the eventual inadequacies of the im- 
plant geometry on post-insertion MRI immediately follow- 
ing their acquisition. Images should be interpreted jointly 
by the radiation oncologist and radiophysicist, taking into 
account the spatial inter-relations between the applicator, 
target volume, and OAR. Such joint assessment by an ex- 
perienced team will enable identification of the implant 
deficiencies based on the predicted isodose distribution, 
even before the actual treatment planning. If a suboptimal 




Fig. 2. Assessment of the geometric adequacy of an implant. T2 weighted FSE pelvic MRI with the applicator in place in para- 
transverse (perpendicular to the uterine tandem) orientation. A) Inadequate implant geometry. Assessment of the post-insertion 
images reveals a large and topographically unfavourable residual tumor. The isodose distribution resulting from the loading 
of the intracavitary applicator can be predicted without the actual use of the treatment planning system. Dotted lines represent 
various theoretical positions of the prescribed isodose. Due to the limited degrees of freedom afforded by the intracavitary 
applicator, complete HR-CTV coverage with the prescribed dose cannot be achieved without exceeding the normal tissue dose 
constraints (red dotted line). Similarly, sparing of the OAR can only be accomplished if the HR-CTV is underdosed (green 
dotted line). B) Adequate implant geometry. Taking the inadequacies of the first application into account, interstitial needles 
were inserted into the target volume in addition to the intracavitary applicator at the subsequent BT fraction. Treatment plan 
optimization resulted in a near complete coverage of the HR-CTV with the prescribed dose (red line) while respecting the dose 
constraints of the OAR 
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implant geometry is identified (Fig. 2A), the decision will 
depend on the specific clinical situation; in principle, one 
of the following scenarios could be proposed: (1) treatment 
is completed in spite of suboptimal dose distribution, pos- 
sibly with a lower dose, followed by an optimized implant 
and application of higher dose during next BT fraction, 



improving the cumulative dosimetric outcome; (2) the pa- 
tient is brought back to the operating room and the im- 
plant geometry is optimized, followed by application of 
the planned treatment; (3) the applicator is removed and 
the geometrically adequate implant and treatment is car- 
ried out during subsequent insertion(s) (Fig. 2B). 




Fig. 3. Para-transverse (perpendicular to the cervical canal) T2 weighted FSE MRI of a stage IIB cervix cancer. A) MRI at diagno- 
sis. A large lesion of high signal intensity is identified in the cervix. The pattern of tumor growth is predominantly expansive. 
There are minimal signs of parametrial infiltration on the right side, indicated by the disappearance of the cervical stromal rim, 
and spiculary tumor projections into the parametrium (red arrows). The epicenter of the tumor is located posteriorly with a small 
region of normal appearing stroma in the anterior aspect of the cervix (white arrow). B) At time of brachytherapy, reconstitution 
of the low signal intensity cervical stroma can be appreciated anteriorly and surrounding the residual gross tumor as a thin rim 
at its posterior and lateral aspects. There are no residual pathological findings in the parametria (grey zones). The topography at 
BT corresponds to the initial pattern of growth with the residual tumor located posteriorly. Adequate implant geometry 




Fig. 4. Para-transverse (perpendicular to the cervical canal) T2 weighted FSE MRI of a stage IIIB cervix cancer. A) MRI at diagno- 
sis. The pattern of tumor growth is predominantly infiltrative with bilateral gross parametrial invasion (red arrows). B) At time 
of brachytherapy, bilateral residual pathological tissues in the parametria (grey zones) are identified, corresponding to the areas 
of initial gross tumor invasion. There is patchy reconstitution of the low signal of the cervical stroma, located mainly anteriorly 
and on the right. Adequate implant geometry 
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Tumor response and target volume assessment 

Accurate and meaningful interpretation of the im- 
aging findings at BT is a precondition for appropriate 
selection of the tissues to be included in the target vol- 
umes during the delineation process. The GEC-ESTRO 
target concept at time of BT includes the gross tumor vol- 
ume (GTV), high-risk clinical target volume (HR-CTV), 
and intermediate risk clinical target volume (IR-CTV). 
The target volumes are defined at each BT, according to 
the changes of tumor size and topography during time 
and reflecting the adaptive treatment concept [8,58]. Sys- 
tematic approach to interpretation of imaging and clin- 
ical findings is recommended at time of BT in order to 
minimize the contouring uncertainties and errors. This 
process should begin already before the actual delinea- 
tion, and includes careful interpretation of clinical and 
imaging findings at BT in the context of initial findings. 
The extent and topography of residual GTV, eventual ar- 
eas of necrosis, and residual pathological tissues in the 
parametria, vagina and uterus (the "grey zones") should 
be systematically evaluated and treatment response 
quantified. During this evaluation, it should be taken into 
account that it is not expected to find tumor or residual 
pathological tissues in the regions that were tumor-free at 
initial examination (Figs. 3 and 4). In a study by Schmid et 
ah, residual pathological MRI findings in the parametria 
were identified in 19% of the cases with predominantly 
expansive initial tumor growth and in 68-90% of initially 
infiltrative tumors, depending on the degree of infiltra- 
tion [59]. Therefore, initial MRI characteristics of the para- 
metrial infiltration by the cervical tumor appear to allow 
prediction of the tumor response during external beam 
radiotherapy and chemotherapy. 

Conclusions 

Magnetic resonance imaging is the gold-standard im- 
aging modality for cervix cancer IGABT. Radiation oncol- 
ogist's perspective of MRI interpretation at time of BT is 
specific and differs from the radiologist's perspective. It is 
characterized by the need for a detailed definition of the 
border between the target volume and the surrounding 
normal tissues during contouring, since the dose that is 
delivered to the tissues following treatment plan optimi- 
zation directly depends on the delineated regions of in- 
terest. Intra-departmental consultation within the team of 
radiation oncologists and cooperation with the diagnos- 
tic radiologist and radiophysicist is advised to minimize 
uncertainties through consensus opinions. Systematic 
evaluation of the post-insertion MRI is recommend- 
ed and should begin with immediate identification and 
treatment of eventual complications of the application 
procedure, such as perforation of hollow organs and/ or 
vessels. Next, the adequacy of the implant should be rap- 
idly assessed to guide decisions about eventual corrective 
measures. Finally, systematic evaluation of the tumor ex- 
tent, topography, and treatment response is performed as 
a basis for an appropriate selection and delineation of the 
target volumes. Accurate and reproducible delineation of 
the GTV and CTV is required to take full advantage of 



this high precision treatment technique, minimize uncer- 
tainties and assure consistent recording and reporting of 
treatment. 
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